DNA from 28 strains of phytopathogenic mycoplasmalike organisms that represented five primary taxonomic clusters was digested with restriction endonucleases and hybridized with several ribosomal probes. The results indicate the presence of two sets of ribosomal genes in all strains examined. Restriction maps of the two ribosomal operons for a group of 12 aster yellows mycoplasmalike organisms were constructed.
DNA from 28 strains of phytopathogenic mycoplasmalike organisms that represented five primary taxonomic clusters was digested with restriction endonucleases and hybridized with several ribosomal probes. The results indicate the presence of two sets of ribosomal genes in all strains examined. Restriction maps of the two ribosomal operons for a group of 12 aster yellows mycoplasmalike organisms were constructed.
Nonhelical phytopathogenic mollicutes, usually known as mycoplasmalike organisms (MLOs), are a group of widely distributed, wall-less prokaryotes that are associated with diseases of several hundred plant species (10, 11) . Only recently, through the introduction of molecular methods into plant mycoplasmology, has it become possible to differentiate and partially characterize the MLOs on a reliable basis. In particular, studies on the 16S rRNA gene have contributed to our knowledge about the phylogenetic and taxonomic relationship of the MLOs with one another and with other prokaryotes, especially other mollicutes (7-9, 14, 18) . Both sequence and restriction site analyses of this gene were used to establish a classification system for the MLOs (8, 14, 18) . In the work by Schneider et al. (14) and Seemuller et al. (18) , the following five primary clusters were distinguished: (i) the aster yellows (AY) strain cluster (divided into AY and stolbur subgroups); (ii) the apple proliferation strain cluster; (iii) the western X-disease strain cluster (divided into western X-disease and sunhemp witches'-broom subgroups); (iv) the sugarcane white leaf strain cluster; and (v) the elm yellows strain cluster (divided into elm yellows and ash yellows subgroups).
Mollicutes have a small genome of about 600 to 1,800 kb in size that contains only one or two sets of ribosomal genes (13) . The occurrence of either one or two rRNA operons has been observed in the genera Mycoplasma and Spiroplasma, while the acholeplasmas, to which the MLOs are more closely related than to any other mollicutes (9, 18) , have two operons (2, 3) . Hybridization studies on the Oenothera (OAY) MLO and severe AY (SAY) MLO, for which genome sizes of 870 and 1,185 kb, respectively, have been determined (12) , indicated that these two organisms of the AY strain cluster have two sets of ribosomal genes (7, 9) . In contrast, the western X-disease MLO, which has a chromosome of 640 kb (12) , is reported to have only one rRNA operon (4) . However, conclusive evidence on operon numbers has not been published for the MLOs. Moreover, no data on MLOs from taxonomic groups other than the AY and western X-disease strain clusters are available. Thus, the objective of this study was to examine representative strains of all primary clusters that were established by Schneider et al. (14) and Seemuller et al. (18) for their numbers of rRNA operons. From one group of the AY strain cluster, restriction maps of the two operons are provided.
The MLO strains examined as well as their origins and taxonomic assignments are listed in Table 1 . Further information on most of these strains is given elsewhere (14) . All strains with the exception of strain EAY, which was maintained in Coleus blumei, and strains Md and P. com, which were collected from a naturally infected apple tree and pear tree, respectively, were maintained in periwinkle (Catharanthus roseus) by periodic grafting. DNA was isolated from MLOinfected plants by the cetyltrimethylammonium bromide method (5) (9) . By digesting this fragment with EcoRI-HindIII and NruI-HindIII (there is an NruI site after position 1340 of the 16S rRNA gene of OAY MLO [18] ), a probe (upstream probe) comprising the region upstream of the 16S ribosomal DNA (rDNA) and a probe (downstream probe) consisting of the portion downstream of the NruI site were obtained. Probes from the 16S rRNA gene of the OAY MLO were constructed by amplifying the entire gene with a PCR procedure using primers fDl and rPl as described previously (14) and by digesting the amplification product with EcoRI. The portion upstream of the conserved EcoRI site after position 669 of the 16S rRNA gene (all positions given below correspond to positions of the sequence of the OAY MLO [9] ) was designated the 5' probe, and the downstream portion was designated the 3' probe. The probes were radiolabeled with [32P]dATP by random priming. Southern blot hybridization was performed under moderately (0.2X SSC [lx SSC is 0.15 M NaCl plus 0.015 M sodium citrate]-0.1% sodium dodecyl sulfate [SDS], 55°C) or highly (0.1X SSC-0.1% SDS, 68°C) stringent washing conditions as described previously (15) .
Probe MR16 and the MR16-derived 5', 3', and downstream probes hybridized to rDNA of all 28 MLO strains that were aAY, aster yellows subgroup of aster yellows strain cluster; STO, stolbur subgroup of aster yellows strain cluster; AP, apple proliferation strain cluster; WX, western X-disease subgroup of western X-disease strain cluster; SCWL, sugarcane white leaf strain cluster; EY, elm yellows subgroup of elm yellows strain cluster; ASHY, ash yellows subgroup of elm yellows strain cluster. (Fig. 2 and data not shown). Upon hybridization with the 5' and 3' probes, cleaved DNA from all strains examined showed in at least one blot two fragments whose sizes clearly showed that the organisms have two sets of ribosomal genes, regardless of the sizes of their chromosomes (Table 1 and data not shown). Two such fragments were also obtained in several hybridizations with DNA from the western X-disease strain PYLR, which was thought to have only one rRNA operon (4) . Hybridization results obtained with representative strains of all MLO groups examined are shown in Fig. 1 and 2 . In several hybridizations, some of the strains showed only one fragment. It is possible that in such cases the two fragments were similar in size. Also, the possibility cannot be excluded that in some strains the conserved EcoRI site in the 16S rDNA is present in only one of the two genes or is modified. An example of modification of the EcoRI site in both rRNA genes appears to be strain AT of the apple proliferation MLO. In this case, similar fragments were recovered when HindlIl-and HindIII-EcoRI-digested DNA was hybridized with the 5' probe (data not shown). However, when PCR-amplified DNA of this strain was examined, the EcoRI site was always present (16) .
Analysis of the restriction data showed that strain AAY and 11 other strains of the AY subgroup yield similar restriction profiles when hybridized with probe MR16 and the 5' and 3' probes (Table 1 and data not shown). Restriction patterns of strains from this group are shown in Fig. 1 (SAS) and Fig. 2 (AAY). Comparison of these profiles with data from other workers revealed that the n72A operon of the AAY-like MLOs corresponds to fragment MR16 from OAY MLO, which has been cloned and partially characterized by Lim and Sears (9) and Sears (17) . On the other hand, operon rnB is similar to the ribosomal sequence of the SAY MLO that has been described and partially sequenced by Kuske (6) and Kuske and Kirkpatrick (7). The restriction profiles show that the EcoRI and HindIlI sites flanking the 16S rRNA genes of both operons are similar in all AAY-like strains (Fig. 3) . However, hybridization of EcoRI-digested DNA of these strains with the upstream probe resulted in fragments of different sizes, thus indicating that the outermost EcoRI sites upstream of the 16S rRNA genes shown in Fig. 3 are not conserved. Operon rmB, but not nmA, is also present in strains ACLR, PRIVB, and HYDP of the AY subgroup. The other strains of the AY subgroup, which are clover phyllody-type organisms, showed a pattern that was different from those of the AY strain described above (Table  1) . These results indicate that closely related organisms from Table 1 and Fig. 1 There is evidence that the 16S rRNA genes of the two MLO rRNA operons are similar: the 16S rDNAs of operons rrnA of the OAY MLO and rnB of the SAY MLO show a sequence similarity of 99.6% (7) . Also, repeated digestions of PCRamplified 16S rDNA of numerous MLOs with the frequently cutting enzymes AluI and RsaI always yielded similar restriction profiles (16, 18) .
